We report a detailed first-principles study of doping in Li 2 MnO 3 , in both the dilute doping limit and heavy doping, using hybrid density-functional calculations. We find that Al, Fe, Mo, and Ru impurities are energetically most favorable when incorporated into Li 2 MnO 3 at the Mn site, whereas Mg is most favorable when doped at the Li sites. Ni, on the other hand, can be incorporated at the Li site and/or the Mn site, and the distribution of Ni over the lattice sites can be tuned by tuning the materials preparation conditions. There is a strong interplay between the lattice site preference and charge and spin states of the dopant, the electronic structure of the doped material, and the delithiation mechanism. The calculated electronic structure and voltage profile indicate that, in Ni-, Mo-, or Ru-doped Li 2 MnO 3 , oxidation occurs on the electrochemically active transition-metal ion(s) before it does on oxygen during the delithiation process. The role of the dopants is to provide charge-compensation and bulk electronic conduction mechanisms in the initial stages of delithiation, hence enabling the oxidation of the lattice oxygen in the later stages. This work thus illustrates how the oxygen-oxidation mechanism can be used in combination with the conventional mechanism involving transition-metal cations in design of high-capacity battery cathode materials.
I. INTRODUCTION
Li-rich layered-oxide Li 2 MnO 3 and related materials have been of great interest for high-capacity lithium-ion battery electrodes.
1,2 The materials are also found to be intriguing for having an unconventional delithiation mechanism involving anionic redox processes, in contrast or in addition to the conventional mechanism involving redox reactions of transition-metal cations. The title compound, also known as Li[Li 1/3 Mn 2/3 ]O 2 , has a layered structure 3 with Li + and Mn 4+ ions occupying the octahedral lattice sites formed by alternating layers of oxygen as shown in Fig. 1 . Though initially believed to be electrochemically inactive, it was later discovered that Li 2 MnO 3 can be made active by, for instance, charging to a high voltage. 4 The undoped compound, however, exhibits only a very limited electrochemical capacity. 5 Recently, 6 we showed that the intrinsic delithiation mechanism in Li 2 MnO 3 involves oxidation at the oxygen lattice site where O 2− is oxidized to O − upon lithium extraction. The localized electron hole states on oxygen 5, 7 and the associated local lattice distortion constitute an oxygen hole polaron η + O bound to other defects such as the negatively charged lithium vacancy V − Li (i.e., the void in the lattice left by the removal of a Li + ion); the species was, therefore, referred to as "bound oxygen hole polaron" or "O − bound polaron." The difficulty in activating Li 2 MnO 3 and the poor electrochemical performance could be attributed in part to the lack of percolation pathways for efficient η + O transport in the bulk at the onset of delithiation where the lithium vacancy concentration is low. We also argued that the electrochemical performance could be improved via ion substitution according to which partial replacement of, e.g., Mn by electrochemically active ions would introduce additional charge-compensation and electronic conduction mecha- nisms highly needed at the beginning of delithiation. 6 Experimental studies of doping/co-doping in Li 2 MnO 3 have been carried out by various research groups.
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Back in the early 2000s, for example, Lu and Dahn 13 already considered Li[Li 1/3−2x/3 Mn 2/3−x/3 Ni x ]O 2 , which is a Ni-doped Li 2 MnO 3 system. Recent investigations of doped Li 2 MnO 3 materials focused more on understanding the electrochemical activity associated with oxygen redox processes. 5, 11 On the theory side, a number of computational studies have been carried out for Li 2 MnO 3 doped with various impurities, 17-22 using density-functional theory (DFT) with the on-site Hubbard correction (DFT+U ) . 23 Yet, a detailed understanding of the lattice site preference of the dopants in the material under different preparation conditions as well as effects of doping on the electronic structure and hence the delithiation mechanism is still lacking. Besides, DFT+U with U applied only on the transition-metal d states, used in the previous studies, [17] [18] [19] [20] [21] [22] [24] [25] [26] [27] cannot capture the intriguing physics of Li 2 MnO 3 as discussed in Ref. 6 , suggesting that a more rigorous approach is required.
We herein present a detailed study of Li 2 MnO 3 doped with representative non-transition-metal (Mg and Al) and transition-metal (Fe, Ni, Mo, and Ru) impurities, using first-principles calculations based on a hybrid DFT/Hartree-Fock approach in which all electronic states in the materials are treated on equal footing. We start with defect calculations which mainly consider the impurities in the dilute doping limit where the lattice site preference and charge and spin states of the dopants as well as charge-compensation mechanisms in the materials are determined. We then develop structural models to investigate heavily doped Li 2 MnO 3 systems where the focus is on the electronic structure and the interplay with the delithiation mechanism. Finally, we present voltage profiles calculated for the doped compounds and discuss the role of doping in Li 2 MnO 3 -based cathode materials.
II. METHODOLOGY
The calculations are based on DFT, using the HeydScuseria-Ernzerhof (HSE06) functional, 28 the projector augmented wave method, 29 and a plane-wave basis set, as implemented in the Vienna Ab Initio Simulation Package (vasp). 30 The Hartree-Fock mixing parameter (α) and the screening length are set to the standard values of 25% and 10Å, respectively. It was previously shown that, with these parameters, HSE06 gives the O 2 molecule a binding energy of 5.16 eV, in excellent agreement with experiments (5.12 eV). 31 The ferromagnetic spin configuration is assumed for the transition-metal sublattice in Li 2 MnO 3 as it was found that the ferromagnetic and antiferromagnetic configurations are almost degenerate in energy. 6 The plane-wave basis-set cutoff is set to 500 eV and spin polarization is included. Convergence with respect to self-consistent iterations is assumed when the total energy difference between cycles is less than 10 −4 eV and the residual forces are less than 0.01 eV/Å.
The impurities in Li 2 MnO 3 in the dilute doping limit are modeled using 108-atom hexagonal supercells; 6 integrations over the supercell Brillouin zone are carried out using the Γ point. In these defect calculations, the lattice parameters are fixed to the calculated bulk values but all the internal coordinates are fully relaxed. The formation energy of an intrinsic defect, impurity (dopant), or defect complex X (hereafter often referred commonly to as "defect") in charge state q is defined as
where E tot (X q ) and E tot (bulk) are, respectively, the total energies of a supercell containing the defect and that of the perfect bulk material. µ i is the atomic chemical potential of species i (and is referenced to bulk metals or O 2 FIG. 2. Chemical-potential diagram for Li 2 MnO 3 , constructed using data from Ref. 6 . Only Li−Mn−O phases that define the stability region, shown as a shaded polygon, are indicated. The dotted blue lines correspond to the µO levels associated oxygen in air at 500
• C and 950
• C. Actual synthesis conditions are expected to be in the shaded region enclosed approximately by points L, H, H ′ , and D.
molecules at 0 K). n i is the number of atoms of species i that have been added (n i >0) or removed (n i <0) to form the defect. µ e is the electronic chemical potential, i.e., the Fermi level, that is, as a convention, referenced to the valence-band maximum (VBM) in the bulk (E v ). ∆ q is the correction term to align the electrostatic potentials of the bulk and defect supercells and to account for finitesize effects on the total energies of charged defects. 32 In the calculation of ∆ q , a total static dielectric constant of 17.69, previously calculated for Li 2 MnO 3 , 6 is used. Under thermal equilibrium, the concentration of a defect is related to its formation energy:
where N sites is the number of high-symmetry sites in the lattice per unit volume on which the defect can be incorporated, N config is the number of equivalent configurations (per site), and k B is Boltzmann's constant. Equation (2) indicates that c is higher at higher temperatures and/or when the defect has a lower formation energy. The atomic chemical potentials of Li, Mn, and O in Li 2 MnO 3 are not arbitrary but subject to thermodynamic constraints which can be used to represent actual experimental conditions, e.g., during materials preparation. Figure 2 shows the chemical-potential diagram for Li 2 MnO 3 , produced with data from Ref. 6 . The region in which the compound is thermodynamically stable is determined by considering equilibria with other Li−Mn−O phases. 6 In principle, µ Li , µ Mn , and µ O can take any values within the stability region in which
where ∆H f is the formation enthalpy (previously calculated to be −12.30 eV per formula unit, 6 in good agreement with the experimental value 12.78 ± 0.05 eV 34 reported more recently). More realistic µ i values, however, can be identified by taking into account actual experimental conditions. For example, Li 2 MnO 3 is often prepared by solid-state reaction in the temperature range from 500
• C to 950 • C. 3, 4, 35, 36 The synthesis conditions can thus be identified with the shaded region between the two dotted lines in Fig. 2 which corresponds to the range of the oxygen chemical potential µ O = −0.87 eV (e.g., at point L) to −1.47 eV (points H and H ′ ). 6 This region is enclosed approximately by points L, H, H ′ , and D. Note that µ O is related to temperature and the oxygen partial pressure; it is lower at higher temperatures and/or lower oxygen partial pressures and/or in the presence of oxygen-reducing agents. 6 In Fig. 2 , µ O = 0 eV along the O 2 line (which also corresponds to T = 0 K).
For the impurities in Li 2 MnO 3 , their chemical potential values are between minus infinity and zero (with respect to the total energy per atom of the bulk metals). More realistic values can be estimated based on solubility-limiting phases that may be formed between the impurities and the constituting elements of the host compound. 33 In the following, the chemical potentials Heavy doping of Li 2 MnO 3 with Ni, Mo, or Ru is simulated using smaller, monoclinic cells containing 24 atoms. Starting with the conventional unit cell of undoped Li 2 MnO 3 as shown in Fig. 1 , Mn-site doping corresponds to replacing one of the Mn atoms at the 4g lattice site with the dopant. As for Li-site doping, the dopant replaces one of the Li atoms either at the 2b, 2c, or 4h lattice site. Simultaneous doping at the Li site and the Mn site is also considered. Voltage profiles are calculated using the 24-atom cell size and the expression for the deintercalation voltage derived previously, 6,37 assuming topotactic transitions between compositions with different lithium concentrations. In these calculations, integrations over the Brillouin zone are carried out using a Γ-centered 3 × 2 × 3 k-point mesh; 6 × 3 × 6 or denser k-point meshes are used in calculations to obtain high-quality electronic densities of states. Additional calculations make use of monoclinic supercells containing 48 atoms. Note that, unlike in the dilute doping case, the cell volume and shape and internal coordinates are all relaxed in the calculations for heavily doped Li 2 MnO 3 .
Finally, we note that calculations of bulk Li 2 MnO 3 using the HSE06 functional but with a smaller HartreeFock mixing parameter, e.g., α = 17%, have also been reported in the literature. 38 In our calculations, we find both the standard α value and α = 17% give Li 2−x MnO 3 (0 ≤ x ≤ 2) similar electronic structures, especially the nature of the electronic states near the band edges; the difference is mainly in the calculated band gaps, see Ref. 39 . The results also indicate that Li 2 MnO 3 remains non-mettalic upon lithium extraction. 39 Also note that previous calculations using DFT+U with the U term applied only on the Mn 3d orbitals show that Li 2 MnO 3 becomes a metal upon lithium extraction, 22, [24] [25] [26] [27] which is in contrast to the results obtained using the HSE06 functional 6, 39, 40 or DFT+U with the on-site Hubbard corrections applied on both the Mn 3d and O 2p states 6 according to which the material remains non-metallic. Experiments should, therefore, be carried out to determine the nature of bulk electronic conduction in partially delithiated Li 2−x MnO 3 (especially in the nearly fully lithiated regime, i.e., x ≪ 1); the results may also be able to validate one computational method over another.
III. RESULTS AND DISCUSSION
A. Lattice site preference and charge and spin states in the dilute doping limit Fig. 3 ), determined by intrinsic defects. 4+ at the Mn site). We note that the energies of Mg + Li , as an isolated defect, at the 2c site and the 4h site are degenerate and lower than the energy at the 2b site by 0.04 eV. Isolated Ni + Li , on the other hand, has the lowest energy at the 2b lattice site; the energy at the 2c site or the 4h site is higher by 0.08 eV. These energy differences are independent of the choice of atomic chemical potentials. Figure 4 shows the formation-energy difference, ∆E, between the Li site and the Mn site under the conditions at different points in the chemical-potential diagram. ∆E is defined as the difference between the formation energy (at µ int e ) of the lowest-energy defect configuration at the Li site and that at the Mn site.
42 ∆E > 0 means the impurity is energetically more favorable at the Mn site than at the Li site; for ∆E ∼ 0, one should expect that the impurity can be incorporated simultaneously at both the lattice sites with almost equal concentrations. The results show that the lattice site preference of the impurities can be dependent on the relative abundance of the host constituents during synthesis, expressed in terms of the atomic chemical potentials in our computational approach. Focusing on the conditions at points L, H, H ′ , and D, we find that Al, Fe, Mo, and Ru would be incorporated into Li 2 MnO 3 at the Mn site, whereas Mg would be at the Li site. These results are thus in agreement with the corresponding doped Li 2 MnO 3 compositions observed in experiments.
8-10,15,16 Yu et al., 8 for example, reported that Mg occupies the Li (4h) site in Li 2 MnO 3 , which is consistent with the results for Mg. We note that, though Mg + Li has the same energy at the 4h site and the 2c site as mentioned above, its concentration at 4h is higher than that at 2c because the number of the 4h sites in the supercell is twice that of the 2c sites.
Interestingly, under the conditions at points H, H ′ , and D, Ni is energetically most favorable when incorporated at the Li (2b) site, whereas, at point L, the impurity is more favorable at the Mn (4g) site and stable as Ni − Mn (low-spin Ni 3+ at the Mn site), when considered as an isolated defect. Our results thus indicate that the lattice site preference and hence the ratio between the concentration of Ni Li and that of Ni Mn are dependent on the preparation conditions: a higher Ni Li /Ni Mn ratio, for example, can be obtained at higher synthesis temperatures (i.e., lower µ O values). It is important to keep in mind that, in addition to affecting the formation 14 in which Ni was found to be incorporated mainly at the 2b site in Li 2 (Ni z Mn 1−z )O 3 samples annealed at 900
• C in air (see Table 1 of Ref. 14), though it is quite surprising that no Li was found in the Li layers, 14 given that Ni + Li has a relatively small energy difference between the 2b site and the 4h (2c) site. The reason could be kinetically related and/or due to defectdefect interaction. We note that the experimental conditions used in Ref. 14 can be regarded as being close to those associated with the H − H ′ segment in Fig. 2 . Let us now briefly compare some of the above results for Li 2 MnO 3 with those for the same impurities but in layered LiMO 2 (M = Co, Ni, Mn) reported recently. 42 It was found that Al and Fe impurities in LiMO 2 are most favorable at the M site, under realistic conditions, similar to the results for Al and Fe in Li 2 MnO 3 . Regarding Mg, it can be incorporated into LiMO 2 (M = Co, Ni) at the M site or both the M and Li sites; in LiMnO 2 , Mg can be incorporated at the Mn or Li site or both the lattice sites. 42 The results are thus different from those for Li 2 MnO 3 which show that Mg is always more favorable energetically at the Li site; see Fig. 4 . As for Ni, the impurity can be incorporated into LiCoO 2 at the Co site and LiMnO 2 at the Mn site or both the Mn and Li sites. 42 In Li 2 MnO 3 , on the other hand, Ni can be incorporated at the Mn site or the Li site or both the lattice sites, as reported earlier. All these results suggest that, in materials such as zLi 2 MnO 3 ·(1 − z)LiMO 2 composites, the lattice site preference of a dopant may not be the same in LiMO 2 -rich vs. Li 2 MnO 3 -rich regions.
Since many of the stable configurations for the impurities in Li 2 MnO 3 are positively or negatively charged, charge compensation is needed when they occur in the material, which can be provided by intrinsic point defects or by having the transition-metal impurity ion change its charge state. Explicit calculations for possible low-energy defect complexes between the charged impurities and intrinsic defects based on the results for the latter reported in Ref. 6 are carried out. 
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We also carry out explicit calculations for Ni-doped Li 2 MnO 3 with Ni at both the Li site and the Mn site, using two different models. The first model for the doped system involves one Ni atom at the Li (2b) site and one at the Mn (4g) site. In this case, the impurities can be described as consisting of Ni + Li and Ni − Mn . The Ni ion at the Mn site thus adopts the charge state +3 and becomes the charge-compensating defect for the Ni 2+ ion at the Li site. In the second model, two Ni atoms are incorporated at the 2b site and one at the 4g site. In this case, the impurities are found to occur as a complex of two Ni charge (and spin) states of a transition-metal impurity can be affected by defect-defect interaction, as also seen in the case of Fe Mn and Mo Mn . These results are consistent with those reported in Fig. 3(d) , in which all three charge states (+2, +3, and +4) of Ni are found to be stable. We note that the second model can be employed to describe the series of Ni-doped Li 2 MnO 3 cathode materials Li[Ni z Li 1/3−2z/3 Mn 2/3−z/3 ]O 2 (0 ≤ z ≤ 1/2), synthesized first by Lu and Dahn 13 and widely studied and reported in the literature. In our calculations, z = 1/9, 1/4, and 1/2, corresponding to three Ni atoms in the 108-, 48-, and 24-atom cell models, respectively.
B. Electronic structure vis-à-vis delithiation mechanism in heavy doping
Given the lattice site preference and the stable charge and spin states of the impurities reported in the previous section, we can now develop suitable models to describe heavily doped Li 2 MnO 3 systems and investigate their electronic structure as well as delithiation mechanism. Here, we focus on the Ni, Mo, and Ru impurities, as they are often selected for ion substitution, and make use of the smaller, 24-atom cell size. Since Ni can be incorporated into Li 2 MnO 3 at the Li site and/or the Mn site, we consider cell models with the following compositions: (i) Li Figure 5 shows the total and atomic-projected electronic density of states (DOS) of undoped and Ni-doped Li 2 MnO 3 . The electronic structure of the Ni-doped system with Ni at the 4h site is very similar to that at the 2c site and thus not included in the figure. We find that Ni is stable as Ni 2+ at the Li site (either 2b, 2c, or 4h) and charge-compensated by Mn 3+ formed at the Mn site (i.e., η − ), in agreement with the results obtained in the dilute doping limit. On the other hand, Ni is stable as Ni 4+ at the 4g site and all Ni in Li 1.5 Ni 0.75 Mn 0.75 O 3 are stable as Ni 2+ at the 2b and 4g sites as reported earlier; η − is not found in these two cases. The electronic structure, particularly near the band edges, is strongly dependent on the lattice site of the dopant. We are mostly interested in the nature of the electronic structure near the VBM as it provides information on the mechanism for lithium extraction. Fig. 5(a) ]. This is because when doped at the 4g site only, Ni is stable as Ni 4+ and the Ni 3d states are in the conduction band. Finally, in Li 1.5 Ni 0.75 Mn 0.75 O 3 , the VBM is predominantly the 3d states from the Ni 2+ ions; see Fig. 5(e) . Note that, though the atomic-decomposed DOS in the figures shows the total contribution from the materials' constituting elements, our analysis is based on contributions from individual atoms which contain more details on the nature of the electronic structure.
The features observed in the electronic structure of the Ni-doped Li 2 MnO 3 systems will result in different delithiation mechanisms. As Li in the material already donates its electron to the lattice and becomes Li + , lithium extraction involves removing the Li + ion and one electron from the lattice (specifically, from the highest occupied state). 6, 43 The electronic structures in Fig. 5 stages of delithiation will be determined by the electronic structure of the partially delithiated compounds.
In order to demonstrate how the electronic structure of a Ni-doped Li 2 MnO 3 material changes upon delithiation, we show in Fig. 6 the DOS of Li 1.75−x Ni 0.25 MnO 3 (with the dopant at the 2b site only) for different degrees of delithiation. At x = 0, the valence-band top is predominantly the 3d states from the Mn 3+ ion; see Fig. 6(a) . Once an electron is removed from Mn 3+ and the ion is oxidized to Mn 4+ , at x = 0.25, the Mn 3d states are empty and pushed to the conduction band; the valence-band top is now predominantly the 3d states from the Ni 2+ ion; see Fig. 6(b) . Next, an electron is removed from the Ni 2+ 3d states and the ion is oxidized to Ni 3+ ; see Fig. 6 (c). The Ni 3+ is then oxidized to Ni 4+ at x = 0.75; see . We note that, since the nature of the electronic structure near the band edges is the same for Li 2 MnO 3 doped with Ni at the 2b site, the 2c site, or the 4h site, the delithiation mechanisms are the same in these systems. Figure 7 shows the DOS of Li We note that the doped Li 2 MnO 3 materials all exhibit non-metallic behavior and they remain non-metallic upon delithiation. This observation is consistent with our analysis of defect physics in Li 2 MnO 3 reported previously 6 according to which the material cannot be doped n-or p-type like a conventional semiconductor; any attempt to deliberately shift the Fermi level to the VBM or CBM will result in having intrinsic point defects formed spontaneously to counteract the effect of shifting. Our results are thus in contrast to those reported by other research groups, often obtained in DFT+U calculations, according to which partially delithiated (and even some fully lithiated) Li 2 MnO 3 -based materials show metallic behavior. [20] [21] [22] Like in the case of undoped Li 2 MnO 3 discussed earlier (Sec. II), experiments should be performed to confirm the nature of bulk electronic conduction.
C. Doping as enabler of the anionic oxidation reaction during delithiation Figure 10 shows the voltage profiles of the undoped and doped Li 2 MnO 3 materials. The redox couples associated with different voltage points are indicated in the figure; unmarked points in the shaded region are associated with the redox activity on oxygen, which can be assigned to the O 2−/− couple, at least nominally. All these redox couples are determined by observing changes on the magnetic moment and charge density induced by lithium removal. We find that the voltage of undoped Li 2 MnO 3 is high at the beginning but lower after the first stage of delithiation. The voltage profile of Li 2−x Ni 0.75 Mn 0.75 O 3 (with Ni at the 4g site only) follow closely that of undoped Li 2 MnO 3 , which is expected, given that the nature of the valence band of the two systems is very similar. In Li 1.5−x Ni 0.75 Mn 0.75 O 3 , only the Ni ions are oxidized because they provide already enough electrons for delithiation. We note that, if the Ni concentration is 11 This is, indeed, the case, as seen in our calculations using the 48-atom supercells which correspond the composition with z = 1/4. For the other doped Li 2 MnO 3 systems, oxidation occurs first with the transition-metal ions whereas contributions from the oxygen usually occurs at higher voltages. These results are thus consistent with our analysis of the calculated electronic structure reported earlier.
As discussed in Ref. 6 , the difficulty in activating the undoped Li 2 MnO 3 material electrochemically is likely due to the high extraction voltage and a lack of percolation pathways for efficient electronic conduction in the bulk at the onset of delithiation. Other delithiation mechanisms, including non-intrinsic ones, may thus become essential in the early stages of the delithiation process; these include simultaneous removal of lithium and oxygen at the surfaces and/or interfaces (which leads to oxygen release as often discussed in the literature), oxidation of preexisting Mn 3+ defects in the material, and/or oxidation of the electrolyte and exchange of H + for Li + . 6 For example, when a Li is replaced by H, the resulted impurity (nominally denoted as H In Ni-, Mo-, or Ru-doped Li 2 MnO 3 , charge compensation and bulk electronic conduction in the initial stages of delithiation are provided by the electrochemically active transition-metal ions. The lower voltages associated with these non-oxygen redox couples also make it easier for lithium removal. The mechanism involving the O 2−/− redox couple is expected to be more efficient in the later stages where the V − Li concentration is high and hence bulk electronic transport via η + O becomes possible. 6 Finally, we note that the average voltage associated with the oxide redox reaction in the intermediate stages of delithiation is ∼4.9 V; see Fig. 10 . This value is thus only about 0.4 V higher than the ∼4.5 V plateau 11, 44, 45 often observed in Li 2 MnO 3 -based materials during first charge and attributed to the oxidation of oxygen in the bulk lattice. The voltage difference is well within that often seen in voltage calculations; see, e.g., Ref. 46 .
IV. CONCLUSIONS
A detailed study of doping in Li-rich cathode material Li 2 MnO 3 has been carried out using hybrid densityfunctional calculations. We consider the impurities in both the dilute doping limit and heavy doping with attention to charge-compensation mechanisms and the effects of defect-defect interaction on the stable charge and spin states of the transition-metal ions. Al, Fe, Mo, and Ru impurities are found to be energetically most favorable when incorporated at the Mn lattice site, whereas Mg is most favorable when doped at the Li sites; Ni can be incorporated at the Li site and/or the Mn site. There is a strong interplay between the lattice site preference and charge and spin states of the dopant, the electronic structure of the doped material, and the mechanism for lithium extraction. The calculated electronic structures and voltage profiles provide specific information on the delithiation mechanisms, including the order in which the redox couples are activated. In these mechanisms, electrochemically active transition-metal ions provide charge-compensation and bulk electronic conduction mechanisms in the initial stages of the delithiation process and hence enable the mechanism involving the oxidation of the lattice oxygen in the later stages.
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